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RESEARCH MEMORANDUM 
SOME PRELIMINARY RESULTS IN THE DETERMINATION OF AERODYNAMIC 
DERIVATIVES OF CONTROL SURFACES IN THE TRANSONIC SPEED RANGE 
BY MEANS OF A FLUSH-TYPE ELECTRICAL PRESSURE CELL 
By Albert L. Erickson and Robert C. Robinson 
SUMMARY 
A flush-type electrical pressure cell is used for measuring rapidly 
changing aerodynamic forces on a fluttering control surface. By means 
of this method, fluctuations of pressure on an airfoil may be measured 
during flutter and the corresponding variations of hinge moment may be 
computed. Data are presented for one cycle of control motion in order 
to show the applicability of the technique. It is concluded that this 
technique is valuable for the measurement of aerodynamic forces. It is 
pointed out that the method has special merit in the investigation of 
two-dimensional effects and the study of upper and lower surfaces inde-
pendent of one another. 
Some interesting results obtained using the flush-type electrical 
pressure cells are presented. It is shown that separation has two 
effects: First, it reduces the hinge moment as might be expected; 
and, second, it increases the time lag of the hinge moment. Therefore, 
the upper and lower surfaces are affected in a considerably different 
manner. It is further shown that the nonlinear static hinge moment can 
be closely approximated by the fundamental resultant hinge moment plus 
the in-phase portion of the second harmonic. 
INTRODUCTION 
Generally speaking, the measurement of oscillating aerodynamic 
forces by the usual methods requires the precise determination of 
all mechanical forces and, for two-dimensional results, the complete 
elimination of end effects. These requirements can be dispensed with 
if the aerodynamic forces at midspan can be measured directly 
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by a device such a s an instantaneous recordi ng pressure cell. 
The present report deals wi th the application of s uch a pressure-
measuring technique to t he d i rect measurement of aerodynamic forces in 
the investigation of transonic flutter of control surfaces in the Aroee 
16-f oot high-speed wind tunnel. 
SYMBOLS 
The s ymbols used in thi s r epor t are defined as follows: 
Cha ai l e ron hinge-moment coeffic ient ( H ) 
q b a ca
2 
H hinge moment, inch- pounds 
hing~oment vector, inc h- pounds 
M free-etream Mach number 
( P-qPs ) P pressure c oefficient 
6P pressure-coefficient increment (t;:) 
ba aileron s pan, inc he s 
Ca r oot-me a n square aileron chord, inches 
f flutter frequency, cycles per second 
p local static pressure, pounds per square inch 
6p local static pressure change, pounds per square inch 
ps free-stream static pressure, pounds per square inch 
q dynamic pressure, pounds per square inch 
t time, seconds 
~ angle of attack, degrees 
Oa aileron angle, degrees or radians 
Oao ai leron position vector, degrees or radians 
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phase angle relative to the starting point of the analysis~ 
radians 
circular rrequency (2~f), radians per second 
M)DEL AND INSTRUMENTATION 
Model 
3 
Figure I shows the model mounted in the wind tunnel with some of 
the teat instruments in the foreground. fhe upp~'r half of the tunnel 
shell is partially opened and appears at the top \)f the photograph. 
The model was the same partial-span wing described in reference I 
except that the aileron was divided into three parts of equal span to 
reduce t:r.e loads which had resulted in structural failures during 
earlier tests. The inboard and outboard sections were restrained 
at zero aileron angle,while the center portion, which had a span of 
28.75 inchea~ was used for the flutter tests. As in reference 1, 
the wing was restrained in bending and torsion by a tip strut. A 
chordwise row of 23 pressure cells and a parallel row of static-
pressure orifices were installed at a station 8.75 inches from the 
outboard end of the portion of the aileron tested. 
The Pressure Cell 
The pressure cells used in this test (fig. 2) were of a special 
design having a pressure-sensitive diaphragm flush with the airfoil 
surface to avoid the phase and amplitude errors present when tubular 
or orifice connections are used. The diaphragm was made of 0.003-
inch steel and was soldered to a 1/2-inch-diameter steel cylinder. 
A 120-0hm strain gage was cemented directly to the inner surface of 
the diaphragm and the electrical and reference pressure leads were 
taken out through an insulating plug at the other end of the cylinder. 
The natural frequency of this assembly was approximately 6000 cycles 
per second. In this test the free-stream static pressure was used 
as the reference pressure for all cells. 
Electrical Instrumentation 
The degree of amplifi cation and stability required of an 
electrical system to operate with the flush-diaphragm pressure 
cells was not to be found in any commercially available equipment. 
J 
4 NACA RM ,No. A8H03 
Therefore~ special equipment was designed by the NACA. 
An oscillator having a frequency of 2000 cycles per second was 
used to supply the bridge voltage for a resistance bridge~ one leg 
of which was the pressure-cell strain gage. In operation~ the bridge 
was unbalanced a predetermined amount and the strain-gage pickup 
changed the unbalance in proportion to the pressure to be measured. 
The modulated carrier current was then amplified and rectified and 
indicated pressure changes with appropriate sign. Only 15 amplifier 
channels were available for this test so the data for 8 cells on the 
aileron and 7 cells on the wing were recorded. 
All data from 15 pressure cells~ 4 accelerometers for indicating 
wing motion~ a strain gage~ an aileron position indicator~ and a 
time reference were recorded by two oscillographs. The strain gage 
meaaured the force exerted by a hydraulic damper. The aileron 
position and the time reference were recorded by both instruments~ 
which operated simultaneously. Correlation between the two records 
was made by using the time reference to match cycles~ with the exact 
correlation coming from the aileron-position trace. 
Precision 
In calibrating the pressure cells, it was found that tempera-
ture changes caused a relatively large zero drift but that the slope 
of the calibrations was essentially unchanged. , This is illustrated 
for one cell in figure 3. For the te sts, the bridge circuit balance 
was adjusted so that the entire calibration fell within the linear 
range of the amplifier. Static calibrations of four typical cells 
appear in figure 4. 
The frequency response of the pressure-cell-amplifier system 
was investigated by imposing a known pressure variation on the 
pressure cells at several frequencies. The dynamic response corre-
sponded to the static calibration for frequencies up to 20 cycles 
per second. At 30 cycles per second the response had dropped 
7.5 percent, at 40 cycles 17 percent, and at 60 cycles 33 percent. 
In the total hinge moment only the second harmonic is significant 
compared to the fundamental. The error in the second harmonic due 
to decreased response at 41 cycles per second (fundamental frequency 
20.5 cycles per second) is about 3 percent of the fundamental. Sub-
sequent to the test, it was found that the decreased response at the 
higher frequencies was due to a filter choke in the amplifier circuit. 
A new choke has been installed which will give, for future tests, a 
flat response curve up to 30 cycles per second, I-percent loss at 
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50 cycles, and 2-1/2-percent loss at 100 cycles. 
By using photostatic enlargements of the original oscillograph 
records it was possible to read time to an accuracy of 0.0003 second, 
or, at 20 cycles per second, 0.6 percent in frequency and phase angle, 
which gives a maximum possible phase-angle error of about 2.20 • The 
accuracy of the oscillograph timing lines was checked against a 60-
cycle input and found to be better than the accuracy with which the 
enlarged records could be read. 
Because of the zero drift mentioned above, it was possible to 
read only the pressure variations accurately and therefore only 
hinge-moment variations could be computed. However, since the control 
surface was floating, the hinge moment at the neutral position was 
zero statically and the dynamic hinge moment was the total hinge 
moment acting on the aileron during flutter. 
To check the effect of curve fairing, one chordwise pressure 
variation was based on various assumsd static-pressure distributions 
and integrated. The deviation was found to be not greater than 
2-1/2 percent of the maximum hinge moment. All this deviation was 
due to differences in fairing the curves. 
During flutter the inertia force due to acceleration of the 
diaphragm and strain gage produces a response which is in some cases 
a significant part of the total oscillogram reading. Figure 5 shows, 
for a frequency of 20.5 cycles per second, the computed variation of 
the inertia force over the chord of the aileron in terms of an equiv-
alent pressure. Since the inertia force is 900 out of phase with 
velocity, the net work done by it in a complete cycle is zero. 
However, because the inertia force has an effect on the force com-
ponent in phase with the aileron motion and on the phase angle of 
the resultant force, a correction was applied to the in-phase com-
ponent of the total hinge moment in order to compare the aerodynamic 
component with the moment due to the inertia of the aileron. 
RESULTS AND DISCUSSION 
In order to examine the pressure-cell technique as critically as 
possible, the results from one cycle of motion at 20.5 cycles per 
second will be analyzed and checked with inf'ormation or data obtained 
from other sources. The data for the cycle analyzed were obtained at 
0.8 Mach number and 1.30 angle of attack. 
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General Considerations 
The normal position of the aerod~1amic hinge moment for static 
conditions as represented in a vector diagram is 1800 ahead of the 
position vector and results in a straight-line variation of hinge 
moment with displacement. In the case of a self-excited oscillation, 
such as is discussed in this report, there is also an aerodynamic 
component 900 ahead of the displacement (in phase with the velocity) 
which produces a resultant vector leading the motion by less than 
1800 • A plot of the resultant hinge moment against control displace-
ment shows a typical hysteresis loop, the area of which is a direct 
measure of the energy being put into the oscillating system by the 
aerodynamic forces. As the phase angle of the resultant hinge 
moment approaches that of the velocity vector (900 ahead of the dis-
placement) the hysteresis loop becomes more open, indicating that 
more energy is being put into the system. 
In reference 1, it was hypothesized that a time lag in the 
change of circulation placed the hings-moment vector in a phase 
position less than 1800 ahead of the control motion. The resulting 
hinge-moment component in phase with the velocity puts energy into 
the system and produces the one-degres-of-freedom oscillation known 
as transonic flutter. 
The pressure-cell data will now be analyzed and evaluated using 
the concepts which have been d iscussed previously. 
Individual Cells 
The information obtained with the equipment that has been 
de scribed was recorded a8 a function of time as shown in figure 6. 
The pressure data have been converted to pressure-coefficient 
increments and plotted in figures 7 and 8 as a function of aileron 
angle through one cycle of motion. The plotted points were computed 
for eQual intervals of time. The only other basic data shown in this 
report are the chordwise pressures obtained with fixed aileron posi-
tions. (See figs. 9 and 10.) The instantaneous pressure data were 
analyzed to obtain figures 11 to 15. 
Returning to figure 6, it can be seen that the aileron motion 
is very nearly sinusoidal, while the individual pressures are periodic 
at the same freQuency but are not sinusoidal. The deviations from 
the pure wave form may be explained to some extent by the following: 
---- ----------------------~ 
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(a) The sudden pressure changes through the shock would account 
for the square wave effect recorded by the cell at 55-percent chord 
on the upper surface. 
(b) Some interference might be due to the wing bending at 42.3 
cycles per second (aileron motion 20.5 cps), as shown by the wing-
motion traces. The actual wing motion in bending was only 0.015 inch 
in amplitude and does not appear at lower aileron frequencies (not 
shown in this report), indicating that bending resonance was excited. 
The cell at So-percent chord on the top surface indicates interference 
very nearly in phase with the wing motion. This fact coupled with the 
small absolute wing motion indicates a direct inertia effect on the 
diaphragm and not any aerodynamic two-degree-of-freedom influences. 
(c) The most important causes of the nonlinearity of the final 
resultant are probably changes in the time lag and changes in the 
degree of separation through a cycle. Either one or both of these 
could cause the effect noted in figures 7 and 8 of opening the hyster-
esis loop on one part of the cycle and closing or reversing the loop 
direction on the other. This effect on the loop can be expressed 
mathematically by a second harmonic, as will be shown later. 
The chordwise changes of the pressure fluctuations (figs. 11 and 
12) can be explained at least to some extent by the static-pressure 
data (figs. 9 and 10). It is recognized, of course, that the fixed-
control data do not shdW the effect of angular velocity or acceleration. 
The large pressure change at 55 percent of the chord on the top surface 
is caused by the passage of the shock wave over the cell with its associ-
ated large pressure change. The dynamic changes after the shock all com-
pare with those indicated statically except that from the static data 
a larger variation might be expected at 80 percent of the chord. On 
the lower wing surface (fig. 12), two cells (49 and 57 percent) appear 
to be affected by the shock wave. The much larger change aft of the 
shock on the lower surface of the aileron as compared to the upper 
surface might be associated with the smaller amount of separation to 
be expected on the lower surface. On both surfaces, variations occur 
ahead of the shock which do not show up in the static plots; 
therefore, it is probable that these fluctuations are functions of 
the angular velocity and acceleration, being relatively independent 
of the control position. Future studies of the variations in front 
of the shock may be necessary. 
Figures 7 and 8 are of value in that they show the time lag of 
the pressures relative to the aileron motion and in the case of the 
cells on the aileron the area within the curves is a measure of the 
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energy being put into or taken out of the system. From the point of 
view of the time lag involved, it is obvious, as mentioned before, 
that the time lag is changing through a cycle of motion. This effect 
leads to a nonlinear type of solution and, in order to determine if 
the system of nonlinear influences has any consistent pattern, the 
readings of each of the cells have been subjected to a harmonic anal-
ysis. The phase position and magnitude of the first five harmonics 
are shown in tables I and II. The actual aileron motion deviated 
from a pure wave form to the extent of containing 7.5-percent second 
harmonic and less than 2 percent of the third, fourth, and fifth 
harmonics (table III) so that the motion was of a relatively pure 
sinusoidal form. The reason for this purity is indicated by the phase 
positions of the harmonics (tables I and II) and shows up in the 
integrated results that will be discussed next. 
Integrated Results 
In order to evaluate the hinge moments, the pressures plotted 
in figures 11 and 12 were integrated for the first moment about the 
hinge line. The hinge moments for 1 inch of span due to the pressure 
fluctuations on the upper and lower surfaces have been evaluated inde-
pendently and are shown in figures 13 and 14 as a function of aileron 
angle. The upper- and lowe~urface components were then added vec-
torially to obtain the total aerodynamic hinge moment presented in 
figure 15. The dotted lines show the starting of the next cycle of 
motion which was not used in the analysis. Harmonic analysis of these 
results shows that of the higher harmonics only the second is signifi-
cant. (See table III.) The smaller over-all harmonic content in the 
resultant hinge moment as compared to the individual cell pressures is 
caused by the different phase positions of the harmonic vectors of the 
individual pressures, which also indicates, as previously suggested, 
that variationJ in the time lag through a cycle cause the effective 
second harmonic. 
Figures 16, 17, and 18 show the motion and hinge-moment variations 
indicated by including only the first and second harmonics of each. 
The test points are indicated in the figures. 
It might be expected that the higher average velocity outside 
the boundary layer over the aft portion of the airfoil resulting 
from separated flow would increase the time lag, and this same sepa-
rated flow would cause lower maximum hinge-moment fluctuations. 
Since the airfoil tested has a greater tendency toward separation on 
the upper surface than on the lower surface, the hinge moments obtained 
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from the pressure-cell data and presented in figures 13 and 14 will 
be examined f'or:' this effect. The maximum hinge moment acting on a . 
l-inch-wide chordwise strip of the upper surface is only 28 inch-
pounds compared to 49 inch-pounds on the lower surface, but the upper-
surface loop indicates a phase angle nearer 900 • Therefore, the energy 
input for the two surfaces is nearly the same, the reduced hinge 
moment for the upper surface being compensated by a phase angle closer 
to 900 • 
Resolution of the Aerodynamic Moments 
As explained in reference 2, periodic motions and forces may be 
described by the projections of rotating vectors on a line, the 
.magnitude of the vectors being equal to the maximum displacement or 
force. 
It is also proved in reference 2 that a harmonic force with a 
frequency different from that of the motion does zero net work in a 
time interval which includes an integral number of cycles of both 
force and motion. Therefore, the second and higher harmon~cs of the 
hinge moment produce zero net work during one cycle of the fundamen-
tal motion and, as the aileron motion is so nearly pure, only the 
fundamental hinge moments in table III will be considered in the 
comparison of aerodynamic and mechanical forces. 
In order for a steady oscillation to exist, the resultant of 
the vectors which represent the varying hinge moments must be zero. 
If the resultant is not zero the oscillation will be either diverging 
or converging, depending on the vector position of the resultant. 
Since the amplitude of the aileron angle was relatively constant for 
the record from which the cycle being analyzed was taken, it is reason-
able to assume that the resultant of the aerodynamic and mechanical 
moments should be zero and comparison will be made on this basis. 
Harmonic analysis of the data in figure 15, starting at an · 
arbitrary place in a cycle, gave the following equations for the 
aileron motion and the total hinge moment: 
5a = -4.65 sin mt + 2.67 cos mt 
H = 45.13 sin mt - 54.25 cos mt 
( 1) 
(2) 
The vector diagram for these equations is shown in figure 19 where 
the cosine terms are plotted on the vertical axis and the sine terms 
on the horizontal axis. The hinge moment and aileron angle are 
obtained from the projections of ing vectors on the vertical 
-----_ .. 
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axis. Rotation is measured counterclockwise from the positive side 
of the horizontal axis. Since the inertia forces are in phase with 
the resultant motion and viscous damping forces lag the motion by 
900 , it will be convenient to rewrite equations (1) and (2) so that 
the aerodynamic moment is resolved into components in phase with and 
900 out of phase with the resultant of the motion vectors, 
with 
Ba = 5.36 sin mt 
then 
H = -66.19 sin mt + 24.48 cos mt (4 ) 
A correction can now be made for the effect of the inertia of the 
pressure-cell diaphragms. It was found that the inertia forces of 
the diaphragms reduced the in-phase component by 4.88 inch-pounds, 
making the corrected in-phase coefficient -71.07. Figure 20 shows 
the vector diagram for the in- and out-of-phase components with the 
inertia correction included. From this diagram, it can be seen that 
the in-phase component of hinge moment is negative and directly 
opposed to the forces due to acceleration. The out-of-phase component 
is 900 ahead of the displacement and in phase with the veloc i ty 
(negative aerodynamic damping); consequently, it puts energy into the 
system and must be counteracted by positive damping forces in order 
for a steady oscillation to exist. 
Comparison of Aerodynamic With Inertia Moments 
The above values of hinge moment are for a chordwise strip of l-
inch span. In order to arrive at the moments for the complete control 
it is necessary to assume a spanwise distribution. Since the strip 
being analyzed was one-third of the control span from one end of the 
control, it was assumed that the values obtained should be reasonable 
averages and they were multiplied directly by the control span of 
28.75 inches to obtain one aerodynamic component of 2042 inch-pounds 
1800 out of phase with the motion and another of 704 i nch-pounds 900 
ahead of the motion and in phase with the velocity. The moment of 
inertia of the control surface was 1.53 inch-pounds seconds squared 
and the circular "frequency m of the motion was 128.9 radians per 
second. From these values an inertia moment of 2378 inch-pounds was 
computed. The viscous damping moment from the oscillograph record was 
168 inch-pounds. The mechanical and aerodynamic moments for the complete 
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control are shown in the vector diagram of figure 21. The difference 
between the inertia moment and the opposing aerodynamic moment amounts 
to 15 percent of the inertia moment. It is believed that this is a 
reasonably good check on the accuracy of the pressure-cell system when 
the approximations involved are considered. The much larger discrep-
ancy between the damping components is probably due to aerodynamic 
damping at the ends of the control. 
Comparison of Static a~d Dynamic Hinge Moments 
In reference 1, it was suggested that the static hinge moment be 
used as the resultant hinge moment with its position in the vector 
diagr~ being determined by the empirical phase equation presented. 
It is interesting to compare the dynamic results for this one cycle 
with what might be predicted by the method of reference 1. The 
resultant of the in- and out-of-phase components divided by the 
maximum aileron angle of 5.360 gives a hinge-moment coefficient per 
degree of motion of 0.016 compared with a static value of about 0.021 
for the complete control. This comparison is obtained by rewriting 
equation (4) and including the inertia effect of the diaphragm so that 
H = 75.2 sin (mt + 2.79) 
and then letting the phase angle (2.79 radians) equal zero which com-
pares with the recommended procedure outlined in reference 1 for 
. predicting the hinge-moment slope. As a further investigation, the 
second harmonic of the hinge moment can be written in the following 
manner: 
H 2.15 sin 2 mt - 9.94 cos 2 mt 
or 
H = 4.30 sin mt cos mt + 9.94 sin2 mt - 9.94 cos2 mt 
Then in figure 22 the in-phase component is added to the resultant or 
H = 75.2 sin mt + 9.94 sin2 mt 
These hinge moments are then plotted as a function of the aileron angle 
as determined from equation (1). It is interesting to note that the 
dynamic values tend to follow the static hinge-moment data obtained 
from strain-gage measurements on the complete aileron, which substanti-
ate to a considerable degree the hypothesis of reference 1 that the 
dynamic resultant is not greatly different from the static hinge moments. 
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CONCLUDING REMARKS 
A valuable technique employing electrical pressure cells has 
been developed for the direct measurement of oscillating air forces. 
Results obtained from the analysis of one cycle of motion are shown. 
This technique has particular advantages in the study of two-
dimensional effects and also in the independent investigation of 
upper and lower surfaces or parts thereof. 
The analysis presented in demonstrating the technique showed 
that an increase in separation increases the time lag and decreases 
the hinge moment. 
It is also shown for the single case that the nonlinear static 
hinge moment can be approximated by the fundamental resultant hinge 
moment plus the in-phase portion of the second harmonic. 
Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics, 
Moffett Field, Calif. 
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Cell 
location 
(percent 
Ohard) 
25 
47 
55 
69 
80 
85 
90 
96 
-
TABLE I 
Bl!BULTB OF HABMOlnC P.lIArrSIS OF INDIvIDUAL l'RlSStlRE FWCTaATIOm 
Olf UPPER w:rm SURFACE 
Fun dNDenta1 *en1 tude of harmonics as a Phase of a reBUl tant far 
resultant percent of the fundamental harmonics noted, cp 
preaatu"e- (deg) 
ooeff"1c1ent 
incre1D8nt 2 3 4 5 1 2 3 4 
0.0374 52.2 14.4 5.9 8.0 286 252 248 243 
.0291 47.8 14.1 6.9 3.4 131 69 14 0 
.2900 8.3 16.2 7.2 4.2 358 9 355 45 
.• 0506 41.9 8.9 8.9 2.8 288 278 207 117 
.0430 27.9 18.6 8.4 16.7 278 175 0 34 
.1282 20.7 6.3 3.2 2.8 274 236 263 104 
.0987 18.9 7.4 3.2 3.6 304 254- 106 214 
.0561 46.7 7.5 3.6 1.8 274- 288 135 24-3 
-~-~ - ----- ~--. -
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5 
270 
0 
42 
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236 
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VJ 
.... 
VJ 
Cell 
location 
(percent 
chord) 
24 
47 
57 
66 
80 
92 
96 
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TABLE II 
RESULTS OF HARMONIC ANALYSIS OF INDIVIDUAL PRESSURE 
FLUCTUATIONS ON LOWER WING SURFACE 
Funuamental Magnitude of harmonics as a Phase of a resultant for 
resultant percent of the fundamental harmonics noted, ~ 
pres sur&- dep;) 
coefficient 4 4 increment 2 3 5 1 2 3 5 
0.0782 52.6 11.8 10.5 3.8 129 162 103 14 162 
.1462 51.3 14.6 14.1 12.7 343 347 41 96 54 
.1641 38.0 9.6 1.3 4.9 136 49 252 117 150 
.0319 58.3 23.8 3.1 4.4 131 126 67 0 135 
.1705 31.8 3.9 2.1 5.0 155 96 117 124 45 
.1604 19.7 2.5 1.2 1.9 141 347 0 270 251 
.0917 41.8 5.5 6.2 1.1 129 319 233 135 90 
------
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Item 
Upper-surface 
hinge moment 
Lower-surface 
hinge moment 
Total hinge 
moment 
Aileron 
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TABLE III 
RESUL'IB OF HARMONIC ANALYSIS OF HIIDE-MOMENT VARIATION3 
AND AILERON MOTION 
Fundamental Magnitude of harmonics as Phase of resultant for 
resultants a percent of the harmonics noted, cP 
(in. - lb fundamental (deg) 
or deg) 2 3 4 5 1 2 3 4 5 
27.16 21.7 1.7 4.5 1.8 285 264 161 238 253 
47.25 14.3 1.2 1.2 .8 324 187 3 311 242 
i 
70.57 14.4 .3 1.3 1.2 309 223 37 271 227 I 
5.36 7.5 .8 1.5 .8 150 76 143 101 93 
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Figure 1.- Test setup for the measuring of instantaneous pressures on a wing 
and control. 
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Figure 2.- Pressure cell used for measuring rapidly varying pressures. 
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Figure 3. - Effect of temperature on dynamic pressure-cell ca/lbrotions. 
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A'gure 10. - Static lower-surface pressure coefficient for several 
aileron angles. 
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Figure II. - Chordwise variation of pressure on the upper surface during aileron oscillations. 
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Figure 12. - Chordwise variation of pressure on the lower surface during aileron oscIllations. 
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Figure 13. -Instantaneous hinge moments on the upper 
surface as a function of aileron angle for one inch 
of span. 
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Figure 14.- Instantaneous hinge moments on the lower 
surface as a function of aileron angle for one inch 
of span. 
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Figure 15. - Total instantaneous hinge moments for one 
inch of span as a function of aIleron angle. 
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Agure 16. - Upper- surface hinge moments, for one inch of 
span, as a function of aileron angle computed from 
the first and second harmonics of the experimental 
data wtlh the test points shown . 
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Figure IT. -Lower- sur face hinge moments, for one inch of 
span, as a function of aileron angle computed from the 
first and second harmonics of the experimental data 
with the lest points shown. 
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Figure lB. - Total hinge moments, for one inch of span, as 
a function of aileron angle computed from the first 
and second harmonics of the experimental data with 
the test points shown. 
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A'gure 19. - Vector representation of the fundamentals of 
periodic aileron angle and aIleron hinge moment 
obtained from harmonic analysis of experimental 
data. rut, 0 ~ 
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Figure 20. - Vector representation of the aileron and 
hinge-moment fundamentals with the hinge-moment 
vector resolved into components 90 0 and 1800 out of 
phose wilh the resultant aileron vector. flit, 150~ 
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Figure 21. - Vector comparison of aerodynamic and mechanical hinge moments. rut, 00. 
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Figure 22.- Comparison of the experimental static hinge 
moment with the equivalent static hinge moment 
obtained from dynamic pressure-cell data . 
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